INTRODUCTION
============

Fluoridation of the public water supply was initially adopted as a measure to control dental caries after several studies conducted in the 1940s and 1950s, in the USA[@B01],[@B07]. The World Health Organization, in 1958, acknowledged the importance of fluoridation and indicated it as a public health measure[@B28].

In Brazil, the Federal Law n. 6050 was established on May 24^th^ 1974, which addresses the water fluoridation in public supply systems, regulated by the Federal Decree n. 76872 of December 22^nd^ 1975, that establishes the obligatoriness of fluoridation and determines that \"projects directed towards construction or widening of public water supply systems, where there is a treatment station should include provisions and plans on water fluoridation\"[@B05],[@B06].

Fluoridation of the public water supply in Bauru was established on October 10^th^ 1975, at the Water Treatment Station (ETA). In 1985, nearly 71% of the population (130 thousand inhabitants) received fluoridated water, and the ETA supplied nearly 60.4% of the population, which corresponded by that time to 84.5% of the population receiving fluoridated water[@B13]. After 1990, the Water and Sewerage Department (DAE) of Bauru reached 100% of water chlorination and fluoridation. In 2003, the population of the city was approximately 326,392 inhabitants, from which 44% was supplied by ETA[@B12]. Water fluoridation has been based on the mean maximum daily temperature, and thus the ideal concentration is 0.7 mg F/L[@B09].

The therapeutic effects of fluoride, widely acknowledged in public health actions, are larger when the water is used as a vehicle due to its collective nature, effectiveness, cost and frequency of consumption[@B07],[@B09],[@B16],[@B18],[@B28],[@B29]. Also, the Center for Disease Control and Prevention (CDC) at the USA classified fluoridation of the public water supply as one of the ten most important public health achievements in the 20^th^ century[@B10].

However, it should be highlighted that effective control of dental caries requires the adequacy and continuous maintenance of fluoride content, by regular fluoridation procedures[@B07],[@B09],[@B16],[@B18],[@B24],[@B28],[@B29]. Some studies were conducted in Bauru[@B09],[@B26],[@B27] and other Brazilian cities[@B02],[@B15],[@B20],[@B25],[@B30], besides several other countries[@B04],[@B08],[@B11],[@B14],[@B17],[@B19], in order to verify the fluoride concentration in the public water supply. All studies mentioned revealed important variations in fluoride concentration in the public water supply.

Considering that constant monitoring of fluoridation equipments as well as maintenance of fluoride concentration within the recommended values is necessary and difficult to be achieved in many cities, as well as in Bauru[@B09],[@B26],[@B27], the external control of water fluoridation is an important measure. Thus, the present study evaluated the fluoridation of water supplied by the largest distribution area (ETA) in this city. For such purpose, water samples were collected throughout this sector, on two different periods.

MATERIAL AND METHODS
====================

The water supply system of the city comprises 19 sectors, and the water supply is maintained by ETA, with utilization of superficial waters of the Batalha River and 27 wells for catching of underground waters (Guarani Aquifer). The fluoride compound used for fluoridation is the hydrofluosilicic acid and the system consists in a small metering pump to add solutions of the acid directly into the water supply. Since 1999 the system measures immediate water flow and adjusts amounts of fluoride[@B09]. The supply of this system is formed by a network of tubes with nearly 1,500 kilometers of extension. Each sector is supplied by one or more wells, besides the sector supplied by ETA, through its several reservoirs. This is the largest and most populous supply sector of the city, with nearly 150 thousand inhabitants[@B26].

Areas of collection and water samples
-------------------------------------

The areas of collection were established according to the map provided by the Water and Sewerage Department of Bauru (DAE), in which 30 areas were selected from the 46 areas supplied by ETA. Four homes were visited in each area at two periods. The first period of collection was performed in October 2002 and the second in March 2003. For both periods the samples were collected in one day. The exclusion of some areas was related to the difficult access and in some cases due to the lack of security for the investigators. Thus, a total of 240 water samples were achieved, with collection of 120 water samples in each day. Before performing collection of water samples in the homes, the inhabitants received the Informed Consent Term with information on the study and its importance. After agreeing to participate, the inhabitant signed the Consent Term. The investigation was evaluated and approved by the Institutional Review Board of Bauru Dental School, FOB/USP.

Collection of water samples
---------------------------

The water was collected in 100 mL plastic flasks, specifically purchased for the study and without previous contact with any type of substance. Before collection, the flasks were labeled for later identification (area, street, number of the home) and washed with tap water at the area of collection, following the technique recommended for this procedure. The samples were collected at the point of entry of water, to reproduce the conditions in which it is distributed and arrives to the homes. The samples were stored in a chamber at -20°C up to analysis.

Fluoride analysis
-----------------

The fluoride concentration present in the water samples was determined in duplicate, using the ion sensitive electrode (Orion 9609), connected to a potentiometer (Procyon, model 720), using 1.0 mL of the sample to which 1.0 mL of TISAB II (Orion) was added. The electrode was previously calibrated with standard solutions containing 0.1, 0.2, 0.4, 0.8, 1.6 or 3.2 mg F/L. The results of analyses of the water samples were checked by second reading of 10% of the samples.

Classification of samples
-------------------------

The fluoride concentration found in the samples was used to classify them according to the criteria established by Narvai[@B24], as modified by Ramires[@B26]. According to this classification system, the samples are considered \"acceptable\" when they present a fluoride concentration between 0.55 and 0.84 ppm (mg F/L). This category comprises the \"under fluoridated\", \"optimal\" and \"over fluoridated\" situations. When the fluoride concentration is comprised between 0.85 and 1.14 ppm, samples are classified as \"inadequate\", and above this concentration, as \"unacceptable\" ([Table 2](#t02){ref-type="table"}).

###### Classification of water samples according to fluoride concentration, collected in October 2002 and March 2003 n (%) in Bauru, SP, Brazil

  Fluoride concentration   n (%) Oct   n (%) Mar   \% total   Classification[\*](#TFN01t02){ref-type="table-fn"}
  ------------------------ ----------- ----------- ---------- ---------------------------------------------------------
  0\| - 0.55 mg/L          85 (70.8)   11 (10)     40         Unacceptable
  0.55\| - 0.65 mg/L       19 (15.8)   45 (38)     27         Under fluoridated[\*\*](#TFN02t02){ref-type="table-fn"}
  0.65\| - 0.75 mg/L       8 (6.7)     43 (36)     21         Optimal[\*\*](#TFN02t02){ref-type="table-fn"}
  0.75\| - 0.85 mg/L       2 (1.7)     18 (15)     8          Over fluoridated[\*\*](#TFN02t02){ref-type="table-fn"}
  0.85\| - 1.15 mg/L       2 (1.7)     1 (1)       1          Inadequate
  1.15\| - or more mg/L    4 (3.3)     ---         3          Unacceptable

Ramires, 2004[@B26], modified from Narvai, 2002[@B24].

acceptable fluoride concentration.

Data analysis
-------------

Data were analyzed by descriptive statistics.

RESULTS
=======

In October 2002 and March 2003, a total of 238 water samples were collected from the 240 samples initially determined. There was loss of 2 areas of collection, since there was no inhabitant at home at the moment of collection.

The mean fluoride concentration observed in each area of collection in the two months varied from 0.31mg F/L (Area X) to 2.01mg F/L (Area XVII), and the mean observed for the entire period (October 2002 and March 2003) varied between 0.48 mg F/L (Area XXVI) and 1.12 mg F/L (Area XVII). The mean fluoride concentration observed in the sector supplied by ETA in each step of the study, in October and March, was 0.56 and 0.65 mg F/L, respectively. For the entire period, considering the two months of collection, the mean was 0.61 mg F/L ([Table 1](#t01){ref-type="table"}).

###### Fluoride concentration in the water samples collected in October 2002 and March 2003, at 4 points of 30 areas supplied by ETA (Sector I) in Bauru, SP, Brazil

  Months of collection of water samples                                                                                            
  --------------------------------------- ---------------------- -------------------- --------- ------ ------ ------ ------ ------ ------
  I                                       0.52                   0.53                 0.52      0.48   0.62   0.60   0.67   0.68   0.58
  II                                      0.57                   0.57                 0.58      0.57   0.73   0.68   0.68   0.69   0.63
  III                                     0.53                   0.55                 0.57      0.53   0.76   0.74   0.78   0.76   0.65
  V                                       0.59                   0.49                 0.59      0.54   0.74   0.79   0.74   0.73   0.65
  V                                       0.50                   0.50                 0.51      0.53   0.75   0.74   0.78   0.81   0.64
  V                                       0.51                   0.53                 0.54      0.62   0.67   0.69   0.69   0.67   0.62
  VII                                     0.60                   0.57                 0.54      0.52   0.62   0.81   0.64   0.69   0.62
  VIII                                    0.71                   0.79                 0.81      0.72   0.73   0.70   0.75   0.80   0.75
  X                                       0.70                   0.71                 0.67      0.72   0.76   0.80   0.72   0.75   0.73
  X                                       0.33                   0.33                 0.33      0.31   0.67   0.64   0.63   0.70   0.49
  X                                       0.44                   0.44                 0.36      0.54   0.73   0.75   0.72   0.76   0.59
  X                                       0.35                   0.65                 0.42      0.57   0.72   0.83   0.73   0.85   0.64
  XIII                                    0.52                   0.57                 0.63      0.55   0.57   0.67   0.68   0.60   0.60
  XIV                                     0.52                   0.95                 0.71      0.64   0.71   0.67   0.64   0.62   0.68
  XV                                      0.53                   0.57                 0.50      0.53   0.60   0.60   0.58   0.59   0.56
  XVI                                     0.46                   0.49                 0.43      0.48   0.72   0.63   0.72   0.68   0.58
  XVII                                    2.01                   2.01                 1.56      1.50   0.37   0.55   0.41   0.55   1.12
  XVIII                                   0.49                   0.48                 0.49      0.47   0.57   0.79   0.71   0.76   0.60
  XIX                                     0.45                   0.46                 0.47      0.50   0.60   0.55   0.62   0.66   0.54
  XX                                      0.51                   0.51                 0.52      0.49   0.68   0.70   0.72   0.69   0.60
  XXI                                     0.41                   0.48                 0.32      0.50   0.59   0.54   0.61   0.56   0.50
  XXII                                    0.34                   0.49                 0.44      0.65   0.63   0.69   0.66   0.57   0.56
  XXIII                                   0.52                   0.49                 0.60      0.49   0.51   0.56   0.55   0.58   0.54
  XXIV                                    0.43                   0.46                 0.92      0.43   0.56   0.56   0.63   0.55   0.57
  XXV                                     0.46                   0.48                 0.44      0.43   0.59   0.66   0.54   0.61   0.53
  XXVI                                    0.44                   0.43                 0.43      0.32   0.58   0.49   0.57   0.59   0.48
  XXVII                                   0.50                   0.47                 0.47      0.54   0.44   0.49   0.48   0.52   0.49
  XXVIII                                  0.51                   0.49                 0.51      0.52          0.69   0.60   0.60   0.56
  XXIX                                    0.49                   0.49                 0.50      0.50   0.60   0.71          0.60   0.56
  XXX                                     0.49                   0.48                 0.49      0.51   0.68   0.60   0.62   0.54   0.55
                                          Mean of October 2002   Mean of March 2003   M final                                      
                                          0.56                   0.65                 0.61                                         

According to the fluoride concentration in the water samples, nearly 40% were classified as unacceptable (for caries control), 27% as under fluoridated, 21% as optimal, 8% as over fluoridated, 1% as inadequate and 3% as unacceptable (risk of fluorosis). Thus, 56% of the samples presented acceptable fluoride concentration, between 0.55 and 0.84 mg F/L ([Table 2](#t02){ref-type="table"}).

DISCUSSION
==========

The results indicated a large variation in the fluoride concentration in water at the sector supplied by ETA. This variation was observed in October, between 0.31 and 2.01 mg F/L, and also in March, despite smaller, between 0.37 and 0.85 mg F/L. Analysis of the data in [Table 1](#t01){ref-type="table"} reveal that in October there was a clear tendency toward low fluoride concentrations in water, when 85 samples presented fluoride concentration between 0.31 and 0.54 mg/L, even though the highest concentration observed in the study, 2.01 mg F/L, was also from this period. The mean fluoride concentration of the sector, analyzed separately from the results of each area, at both periods of collection (0.56 and 0.65 mg F/L for October and March, respectively), suggests a good fluoridation system. However, upon separate analysis of each point of collection, the set of data reveals failures in the fluoridation system, and the values observed are very close to those found by Ramires[@B26] in 2004.

The mean fluoride concentration observed in the samples of each area ranged from 0.48 to 1.12 mg F/L ([Table 1](#t01){ref-type="table"}). The variation between the means is important, since it indicates instability in the water fluoridation at the sector. For the Area XVII, specifically, the mean of 1.12 mg F/L was established due to the high concentration observed in October (between 1.50 and 2.01 mg F/L), which were not repeated in March, when they were lower (between 0.37 and 0.55 mg F/L). This area presented the largest variation between months. However, other areas also presented important variations, such as III, IV, V, X, XI and XII ([Table 1](#t01){ref-type="table"}).

An important aspect is that in some areas the samples presented predominance of low fluoride concentrations, as in areas XIX, XXI, XXIII, XXV, XXVI and XXVII. In these areas, the mean of October and March was lower than 0.55 mg F/L. On the other hand, in areas VIII and IX the water constantly presented a fluoride concentration close to the ideal, with means for the periods of 0.75 mg F/L and 0.73 mg F/L, respectively ([Table 1](#t01){ref-type="table"}).

Concerning the classification of water samples according to the fluoride concentration, in October nearly 74% of the samples were classified as unacceptable, different from March, with 43% of samples in this category ([Table 2](#t02){ref-type="table"}). Another important data is that the percentage of optimal samples, 6.7% in October and 36% in March, remarkably influenced the total number of acceptable samples (24% in October and 89% in March).

Among the cited factors that have been suggested to explain variations in water fluoride concentrations are size of the population, problems with the fluoride compound used, type and number of water sources, size of the water plant, variations in the main water flow, seasonal variations, water plant operator (training, age, turnover, full-time or not), equipment problems and type of test to monitor results[@B09]. The ETA supplies around 150,000 inhabitants. In Bauru it is used hydrofluosilicic acid, which is considered easier to use, because it mixes more rapidly and uniformly to the water than powder compounds. However, its production is seasonal, which implies that cities have to stock it for some periods. This could explain some interruptions in water fluoridation in some cities. The region supplied by the ETA uses surface water from the Batalha river and this source has been shown to have only trace raw fluoride levels, with no considerable seasonal variations[@B26]. Thus, this factor may not be responsible for the variations in water fluoride levels detected.

In respect to the water plant operators in Bauru, they are full-time, but they do not attend to periodic training programs. Most of them are not graduated from college and we could observe a lack of information concerning the risks of hyper and hypofluoridation. This may have had some influence on the results observed in the present study. Thus, a periodic training of these operators should be conducted, in order to improve the fluoridation system.

Additionally, it should be highlighted that the samples in October and March were collected in a single day. This fact gives rise to another hypothesis to explain the variation in fluoride concentration observed at the same day at the different areas of the sector and even in a same area. The ETA has several water reservoirs at several parts of the sector to enhance the distribution, maintenance of supply and also the repair of equipments. These resources are important to avoid collapse of the sector in case of need of repair of part of the network. Also, it should be considered that each reservoir has different abilities of storage and consumption. Thus, the water arriving to a home in the area was not necessarily fluoridated at the same moment and maybe not even in the same day compared to another area of the sector. Also, during the day there may be variations in the fluoride dosage during the fluoridation process. It should be mentioned that this supply sector, due to its extension, is bordered by several other sectors, which may allow mixture of water in some places.

Even though these hypotheses may help to explain the variations observed in fluoride concentration, they do not completely explain the occurrence of so many fluctuations in only two days of collection. Moreover, the laboratory of DAE, which controls the fluoridation of the entire supply system of Bauru, is located at the facilities of ETA, which should enhance the control of the fluoridation process performed at the station. Furthermore, the analysis of fluoride performed by ETA involves the same methodology used in the present study.

The results of other studies conducted in Bauru were not different[@B09],[@B26],[@B27]. The difficulty of public water supply systems to keep a constant fluoride concentration is not a peculiarity of the city. Several studies conducted in other Brazilian cities reveal the same difficulty[@B02],[@B15],[@B20],[@B25],[@B30], as well as studies performed in other countries[@B04],[@B08],[@B11],[@B14],[@B17],[@B19].

CONCLUSION
==========

The variations in fluoride concentration at the area supplied by the Water Treatment Station reinforce the need of a constant external control for the maintenance of adequate fluoride levels in the public water supply.
